The clinical and hemodynamic effects of rapid atrial pacing were studied in 13 patients with coronary artery disease and four normal subjects before and following acute expansion of blood volume with low molecular weight dextran. Five patients developed angina during the initial pacing period. In two of these five patients angina recurred with infusion alone, and all five of them experienced pain during the second pacing period. The anginal threshold averaged 5 min (range, 1 to 8 min) before infusion and 1.8 min (range, 0 to 5 min) following infusion. Four patients with coronary artery disease remained free of pain during the first pacing period, one of these developed pain with infusion alone, and all developed pain during pacing following infusion, the anginal threshold being 2 min (range, 0 to 3 min). The remaining four patients with coronary artery disease did not develop angina during either pacing period.
SUMMARY
The clinical and hemodynamic effects of rapid atrial pacing were studied in 13 patients with coronary artery disease and four normal subjects before and following acute expansion of blood volume with low molecular weight dextran. Five patients developed angina during the initial pacing period. In two of these five patients angina recurred with infusion alone, and all five of them experienced pain during the second pacing period. The anginal threshold averaged 5 min (range, 1 to 8 min) before infusion and 1.8 min (range, 0 to 5 min) following infusion. Four patients with coronary artery disease remained free of pain during the first pacing period, one of these developed pain with infusion alone, and all developed pain during pacing following infusion, the anginal threshold being 2 min (range, 0 to 3 min). The remaining four patients with coronary artery disease did not develop angina during either pacing period.
Administration of dextran was accompanied by an increase in left ventricular enddiastolic pressure in all patients during sinus rhythm and during atrial pacing. Although left ventricular volume was not determined, changes in left ventricular enddiastolic pressure were interpreted as showing directional changes in left ventricular volume. Analysis of the factors affecting myocardial oxygen requirements during the two pacing periods indicated that heart rate, systemic arterial pressure, and maximal rate of rise of left ventricular pressure were similar. Although the tension-time index rose 10 .6%, the major change was IT IS well recognized that angina pectoris may occur when the myocardial oxygen demands exceed the supply. Myocardial oxygen requirements are related to the contractile state and intramyocardial tension, and these are affected by changes in heart rate, systemic pressure, and left ventricular volume. '-8 In situations where other factors are constant and left ventricular volume is increased, myocardial oxygen requirements should rise due to the increase in wall tension according to the Laplace relationship. Ventricular volume is increased in congestive heart failure, and this may be responsible for the worsening of angina pectoris occasionally observed in this situation.
Evidence suggests that the nitrites may relieve angina through their peripheral pooling effect which decreases left ventricular volume and hence the myocardial oxygen requirements.9-13 A similar mechanism is VOLUME EXPANSION AND ANGINAL THRESHOLD probably responsible for the relief of pacinginduced angina by phlebotomy. ' Anginal Threshold (Fig. 1 The heart rate during the control period averaged 86 beats/min in the normal group and 89 beats/min in both the non-angina and angina groups. The pacing rate averaged 139/min in the normal, 137/min in the nonangina and 142/min in the angina group.
Following infusion there was no significant change in the sinus rate in any of the groups, and the heart rate during P2 was identical to that during P1 in all patients except one patient of the non-angina group in whom it was 11 beats/min higher during P2. 4 .65 liters/min/m2 and was significantly higher than during sinus rhythm following infusion (P <0.02).
Left Ventricular End-Diastolic Pressure (Fig. 2) The left ventricular end-diastolic pressure during the control period averaged 8 18 .5 mm Hg in the non-angina group (P<0.01), and 20.9 mm Hg in the angina group (P < 0.001). During the second pacing period left ventricular end-diastolic pressure was higher in each group than during the first pacing period, averaging 9.5 mm Hg in the nQrmal (P < 0.05), 9.0 mm Hg in the non-angina group (P<0.02), and 14.6 mm Hg in the angina group (P < 0.001). During interruption of pacing in the first pacing period the left ventricular end-diastolic pressure returned to the control values in the normal and the nonangina groups, whereas in the angina group it became abnormal, averaging 15.9 mm Hg. It should be noted that this group includes four patients who developed angina only during pacing after infusion, hence the mean value in the five patients who developed angina during the first pacing period was analyzed separately. This was 19.4 mm Hg and was consistent with the immediate post-pacing left ventricular end-diastolic pressure reported previously in patients in whom angina was precipitated by pacing.19' 20 With interruptions of pacing in the second pacing period the left ventricular end-diastolic pressure returned to post-infusion values in the normal and non-angina groups. In the angina group, however, the left ventricular end-diastolic pressure averaged 26.6 mm Hg during interruption of P2 and was significantly higher than the post-infusion value (P < 0.001).
Left Ventricular Stroke-Work Index
The left ventricular stroke-work index was similar in each group in the control period and fell during the first pacing period by 34% in normals, 25% in the non-angina, and 27% in the angina group. Following infusion, left ventricular stroke-work index rose by 7% in the normals, 12% in the non-angina, and 4% in the angina group. The left ventricular stroke-work index during the second pacing period fell 15% in the normal and non-angina groups and 17% in the angina group. The left ventricular stroke work index during pacing after infusion The dp/dt rose during the first pacing period by 64% in the normal group, 45% in the nonangina group, and 37% in the angina group. With infusion there was no change in the normals, a rise of 23% in the non-angina group, and 14% in the angina group. When compared to the post-infusion values the dp/dt increased during the second pacing period by 56% in the normals, 9% in the non-angina group, and 23% in the angina group. The dp/dt during the second pacing period when compared to the first, was lower by 4% in the normals, 9% in the non-angina group, and was unchanged in the angina group.
Discussion
Myocardial ischemia can be precipitated by compromising coronary flow, reducing the oxygen carrying capacity of blood, or by increasing myocardial oxygen demands without an appropriate increase in supply. The effect of atrial pacing on coronary blood flow in patients with coronary artery disease is not clear since both an increase21 and insignificant changes have been reported. 22 The myocardial blood flow in normal human subjects is reported to increase during pacing-induced tachycardia.22 23 
